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Johdanto
Uusiutuva sähköenergian

tuotanto
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Energiankäyttö Suomessa
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Lähde: Energiavuosi 2021, Sähkö, Energiateollisuus 2022; 

Energian hankinta ja kulutus, Tilastokeskus 2021.
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Aurinkosähköstä vajetta Suomessa
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Kuva. Aurinkosähkön tuotanto @nollaenergiahirsitalo ja sähkönhinta sähkömarkkinoilla heinäkuussa 2021.

▪ Tuulivoiman lisääminen ei helpota kesän kysyntähuippuja!

▪ Vuonna 2022 aurinkosähköä oli kannattavampaa myydä verkkoon 

päivällä ja ostaa sitä yöllä verkosta kuin käyttää tuotettua sähköä itse!
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http://www.nollaenergiahirsitalo.fi/


Aurinkopaneelien hinnan kehitys
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Lähde: M. Victoria et al., Solar photovoltaics is ready to power a sustainable 

future, Joule 5 (2021) 1‒16, https://doi.org/10.1016/j.joule.2021.03.005.

Installed capacity 

doubling has 

decreased the module 

price about 20 %

Lähde: IRENA.

https://doi.org/10.1016/j.joule.2021.03.005


Aurinkokennojen hyötysuhteen kehitys
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Aurinkopaneelit

• 250 Wp (15 %) v. 2015

• 360 Wp (21 %) v. 2022



Aurinkosähköinvertterien hinnan kehitys –

kasvava tehotiheys
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Valmistetun kapasiteetin 

tuplaus on laskenut 

yksikköhintaa 19 %:lla 

700W, 1995

25 kg/kW

6 kW, 2005

10.5 kg/kW
25 kW, 2014

2.4 kg/kW

SMA SMA SMA

60 kW, 2018

1.2 kg/kW

400 kW, 2023

0.25 kg/kW

SiC



Maailma sähköistyy (PtX), kun päästöistä 

halutaan päästä eroon
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Aurinkosähkön

potentiaali
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Suomessa asuinrakennusten kattojen 

potentiaali ~10 GWp
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Building 

type
Amount

Rooftop

surfaces, m² (1)

Rooftop

potential,

Sn, MVA (2)

PV peak,

Pmax, MW (3)

Avg. roof, 

m2/roof

Residential 1 319 444 242 173 933 12 109 7 350 184

Public 71 685 62 197 484 3 110 1 880 868

Leisure 488 763 36 877 551 1 844 1 110 75

Industry 30 259 47 496 085 2 375 1 450 1 570

Other 3 127 670 299 327 488 14 966 9 033 574

Total 5 037 821 688 072 541 34 404 20 823 137

1) Total surface areas of buildings

2) Nominal power of panels. Based on assumption that only southern side of 

roofs (all ridge type) are utilized with 70% panel filling factor 

3) Maximum power taking into account point of compass of buildings and 

geographical location in Finland

Residential buildings in 

Finland in urbanized area 

(red) and rural areas 

(green)

Rooftop areas, point of compass

Lähde: Jukka Lassila, et. Al., Nationwide Photovoltaic Hosting Capacity in the Finnish 

Electricity Distribution System, EUPVSEC 2106, Munich, June 2016.



Pohjoismaissa n. 3,5 GWp kapasiteettia 

vuoden 2021 lopussa (395 MWp Suomi 2021)
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Vuoden 2019 kansallinen 

aurinkosähköraportti:

National Survey Report of 

PV Power Applications in 

FINLAND 2019, saatavissa: 

www.iea-pvps.org
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Kapasiteettia vuoden 2021 lopussa 942 GWp, 

+175 GWp @ 2021
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Lähteet:

IEA PVPS, Snapshot of Global PV Markets 2022, saatavissa: 

www.iea-pvps.org

PV Magazine – From 300 GW to 3,000 GW per year – a utopia?

• 1 TWp raja ylittyi 03-2022 ⇒ seuraava TWp

rakentuu kolmessa vuodessa

• Tänä vuonna arvioidaan kasvun olevan 300 GWp/a

http://www.iea-pvps.org/
https://www.pv-magazine.com/2023/01/12/from-300-gw-to-3000-gw-per-year-a-utopia/


Päämarkkinat vuonna 2021 ja asennettu 

kapasiteetti
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Lähde: IEA PVPS, Snapshot of Global PV Markets 2022, saatavissa: www.iea-pvps.org

xxth Finland       72 Finland 102 MW 

http://www.iea-pvps.org/


Aurinkosähkön tuotantokustannus
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Lähde: Gulf News

Lähde: Fortum

900 MW @ 1.54 € snt /kWhAurinkosähkö on halvinta jo melkein joka puolella maailmaa



Matkalla kohti puhtaampaa ja aurinkoisempaa tulevaisuutta



p2xenable.fi

Off-Grid Solar PV-Wind Power-Battery-Water 

Electrolyzer plant:

Simultaneous Optimization of Component Capacities 
and System Control

Alejandro Ibáñez-Rioja, Lauri Järvinen, Pietari Puranen, Antti Kosonen, Katja Hynynen

Vesa Ruuskanen, Jero Ahola and Pertti Kauranen

165.4.2023

Review process in progress



p2xenable.fi

▪ Off-grid Solar PV + Wind Power + Battery Energy Storage + 100 MW Alkaline Water 
Electrolyzer

▪ 30 years plant simulation with 5 min resolution

System description

175.4.2023



p2xenable.fi

− Alkaline water Electrolyzer
• Fixed nominal power capacity: 100MW

• Minimum power: 20% nominal capacity

• Degradation and replacement included

System description

185.4.2023

− Battery Energy Storage System
• Round trip efficiency: 92% 

• Degradation and replacement included

• Capacity is optimized

− Solar PV
• Data collected from southeastern Finland 2021-5min resolution

• Degradation included

• Peak power capacity is optimized

− Wind power
• Data collected from southeastern Finland 2021-10min resolution

• Nominal capacity is optimized

´Sys



p2xenable.fi

▪ Simultaneous optimization of system control and component capacities

System optimization

195.4.2023

− 30-years lifetime plant simulation – 5min time resolution

− Economic models → CAPEX & OPEX, Discount rate and Learning curve → Levelized Cost Of Hydrogen (LCOH in €/kg)

− Technical models → Energy management, degradation, 
replacements and H2 production:

𝑚H2 𝑥1, … , 𝑥11 (kg H2)

− 11 Variables
𝑥1, … , 𝑥8 → related to system control
𝑥9 → Solar PV peak power
𝑥10 → Battery capacity
𝑥11 → Nominal Wind power



p2xenable.fi

Results – Different Installation years

205.4.2023

▪ Optimal capacities: solar PV not 

included until 2040
▪ Initial costs

▪ Based on learning curves, plant optimization in 2020, 2022, 2030, 2035, 2040
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Control – 2022 Plant configuration
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Electrolyzer running 

@max load

Electrolyzer running 

@partial load

Curtailments

Curtailments

Electrolyzer 

shutdown
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Control – 2040 Plant configuration

225.4.2023

Charging 

battery

Discharging 

battery

Electrolyzer shutdown

Charging the battery

Battery used to keep  

Electrolyzer running 

@min load

Electrolyzer running 

@max load

Electrolyzer running 

@partial load

Curtailments Electrolyzer running 
@partial load

Solar PV

Discharging 

battery

Battery used to keep  

Electrolyzer running 

@min load
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Curtailments?

235.4.2023
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Results
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▪ Full load hours Electrolyzer  ▪ Levelized Cost Of Hydrogen (LCOH)  



p2xenable.fi

Results – Discount rate analysis
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▪ BESS  ▪ Solar PV  

▪ Optimization with 1%, 3%, 5% and 7%



p2xenable.fi

Results – Discount rate analysis

265.4.2023
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Learning curves

275.4.2023

▪ AWE ▪ Wind  ▪ BESS  ▪ Solar PV  

Reference years 2020, 2030, 2040, 2050 from: M. Fasihi, C. Breyer, Baseload electricity and hydrogen supply based on hybrid PV-wind
power plants, Journal of Cleaner Production 243 (2020) 118466. doi:10.1016/j.jclepro.2019.118466
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